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TABLE I
NEGATIVE ATTITUDES TOWARD ROBOTS SCALE AND THE ROBOT ANXIETY SCALE, WITH SUBSCALES
RMSEA = 0.080. The test-retest reliability was 0.706 for S1,
0.740 for S2, and 0.538 for S3 in the results for the 129 subjects
that took both the pretest and the formal test.
The English versions of items in the NARS were obtained
using formal back-translation. Some social research including
some cross-cultural studies has been conducted based on this
scale [20], [21].
D. Robot Anxiety Scale (RAS)
The RAS was developed to determine human anxiety toward
robots evoked in real and imaginary HRI situations. In contrast
with the NARS, this scale aims to measure state-like anxiety
that may be evoked by robots.
This scale consists of 11 questionnaire items classified into
three subscales: S1; “Anxiety toward communication capacity
of robots” (three items); S2, “Anxiety toward behavioral char-
acteristics of robots” (four items); and S3, “Anxiety toward
discourse with robots” (four items). Each item is scored on a
six-point scale: 1) I do not feel anxiety at all; 2) I hardly feel any
anxiety; 3) I do not feel much anxiety; 4) I feel a little anxiety;
5) I feel quite anxious; 6) I feel very anxious, and an individual’s
score on each subscale is calculated by adding the scores of all
items included in the subscale. Thus, minimum and maximum
scores are 3 and 18 for S1, 4 and 24 for S2, and 4 and 24 for S3,
respectively.
The internal consistency, factorial validity, and construct va-
lidity of the scale have also been confirmed through the two
tests for Japanese samples [19]. For 241 subjects (males: 151;
females: 87; unknown: 3; mean age: 19.6) in the pretest, the
α coefficient of S1 was 0.900, that of S2 was 0.828, and that
of S3 was 0.800. The goodness-of-fit indexes of a confirma-
tory factor analysis using structure equation modeling were GFI
= 0.911, AGFI = 0.857, and RMSEA = 0.094. For 400 sub-
jects (males: 197; females: 199; unknown: 4; mean age: 21.4)
in the formal test, the α coefficient of S1 was 0.840, that of
S2 was 0.844, and that of S3 was 0.796. The goodness-of-
fit indexes of a confirmatory factor analysis using structure
equation modeling were GFI = 0.949, AGFI = 0.917, and
RMSEA = 0.066. Moreover, this test indicated that, for the
female subjects, S1 was correlated with communication ap-
prehension (r = 0.250, N = 166, p < 0.01), and also that S2
was slightly correlated with trait anxiety (r = 0.183, N = 173,
p < 0.05). For both males and females, S3 was slightly corre-
lated with trait anxiety (male: r = 0.202, N = 158, p < 0.05,
female: r = 0.192, N = 173, p < 0.05) and with communica-
tion apprehension (male: r = 0.180, N = 149, p < 0.05, fe-
male: r = 0.184, N = 166, p < 0.05).
The English versions of the RAS items in Table I were also
obtained through back-translation.
Earlier research has suggested that computer anxiety is a kind
of state anxiety [13]. On the other hand, robot anxiety is only
weakly correlated with state anxiety [19], although negative at-
titudes toward interaction with robots are moderately correlated
with state and trait anxieties [20].
E. Why Use Psychological Scales in HRI?
It is important to be aware that a scale is not the only way
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